Abstract. Formation of a specific type of infectious Rous sarcoma virus called RSV(O) has been found to occur only in a certain type of chick embryo cell in the absence of avian leukosis virus. Although these chick cells lack any complete form of avian leukovirus, they appear to carry a genetic factor essential for formation of infectious RSV(O). A factor-deficient cell can be converted to a producer of infectious RSV(O) by infection with Rous sarcoma virus or avian leukosis virus which has been grown in factor-containing cells. Evidence is presented to show that the factor determines both the antigenic and host range specificity of RSV(O).
quail eggs were obtained from our own breeders. The Bryan high-titer strain of Rous sarcoma virus used in this study was the (3-type. Both RSV,3(O) and RSVB(ALV) were prepared from (3-type transformed cells.5'6 Their titers were assayed on quail and C/O chick cells, respectively, in the presence of DEAE-dextran,5 and expressed as focus-forming units for these cells. The procedure for infection of chick cells by RSV(3(0) with ultraviolet-inactivated Sendai virus is essentially the same as described before;6 cells were exposed to Rous sarcoma virus with ultraviolet-Sendai virus (5000 hemagglutinating units) and DEAE-dextran (50 ,.g/ml), and seeded into plates after successive incubation at 00 and 370C.
Definition and nomenclature of chick embryo cells: All chick embryo cells used were C/0 type according to the classification based on their genetic susceptibility to avian leukoviruses.9 These chick embryos were further differentiated by their susceptibility to RSV(3(0) and by their capacity to produce RSVJ#(0) after transformation by low doses of RSV(3(ALV) or RSV#(0). The characteristics of these subtypes are summarized in Table 1 . For convenience, each subtype transformed by Rous sarcoma virus will be called r-(3-, r-(3'-, s-(3-, or s-(3'-transformed cells. Antiserum for RSV(3(O) and virus neutralization: Four-week-old chickens were inoculated in both wing webs with 3 X 105 FFU of RSV(3(0). Tumors appeared in a majority of these chickens within 4 weeks after infection." Two out of 30 such chickens lroduced a high titer of antibody for RSV(3(0).10 For neutralization, 0.9 ml of virus was incubated with 0.1 ml of undiluted antiserum at 370C for 30 min. The anti-RSV(3(0) serum reduced the titer of RSV(3(0) from 105 to less than 102 FFU, but did not neutralize RSV(RAV-1), RSV(RAV-2), or RSV(RAV-50).1" The antiserum for RAV-2 was prepared by a method previously reported,'2 and completely neutralized 9 X 106 FFU of RSV(RAV-2), but had no effect on RSV(3(0). Table 2 ). This apparent (Table 2) .
In order to obtain more quantitative information about the effect of virus dilution on production of infectious RSVf3(0) in s-C/O' cells, the s-C/O' cells were infected with serial dilutions of RSVj3(0) and the yield of RSV,3(0) from the cultures at various times after infection was determined. The results of this experiment (Fig. 1) confirmed the previous one; infectious RSV,3(0) was synthesized only in cultures infected with low dilutions of RSV43(0), and in those infected by less than 102 FFU of RSV,3(0) no RSV,3(0) was produced despite the complete transformation of the cultures after several transfers. It can also be seen that the time required before detectable RSV#(0) appeared in the cultures was highly dependent on the input virus concentration and, even with the highest multiplicity used, the production of RSV,8(0) in s-C/O' was much slower than that in s-C/O cells. Although we have failed to maintain quail transformed cells derived from single foci, the general characteristics of RSV,3(0) production in quail cells were very similar to that in s-C/O' cells: RSV,3(0) production occurred in quail trans- Discussion. Although RSV(O) shares common physical and biological characteristics with Rous sarcoma virus produced in the presence of avian leukosis virus,I-5 it notably differs from other members of leukoviruses in its host range. The uniqueness of RSV(O) is further exemplified by its dependence on certain types of host cells for reproduction of infectious progeny.6 In explaining this host dependence of virus reproduction, we have suggested the mechanism of hostcontrolled modification in certain chick cells.6 The fact that the factor transmitted to C/G' cells by RSV and ALV enable RSV to mature into infectious virus in the recipient cells rules out host controlled modification as the mechanism for formation of RSV,8(0). The factor has some similarity to ALV as a helper for RSV,14 since it appears to determine both the antigenicity and host range specificity of RSVJ3(O). However, the factor does not appear to exist in the cells as a complete form of ALV, at least before infection with avian leukovirus. We propose to call this factor "chick cell-associated helper factor (chf or f)," and define it as a genetic entity which assists formation of one infectious form of Rous sarcoma virus. '5 In view of the presence in C/O cells of the group-specific antigen which may well be coded for by the chf, the chf does not seem to be in a repressed state as the "oncogene" proposed by Huebner and Todaro. ' The presence of the group-specific antigen in some apparently normal chick embryos has been described.'7 18 A recent report by Weiss'9 that the formation of infectious RSV# (0) occurs only in the cells derived from a chicken line possessing the group-specific antigen is consistent with our findings.'3 From genetic studies with chicken strains with or without the group specific-antigen, Payne and Chubb 18 demonstrated that the formation of this antigen is most likely a characteristic of cells which may be inherited by the descendants through a single dominant autosomal gene in a simple Mendelian manner. If this is also the case in the chick cells used in this study, and if the group-specific antigen is another product of the chf, then one must assume that the genetic information of the chf is maintained in the cells in a form associated with the host cell chromosomes. However, if we define the chf as an entity transmissible by avian leukoviruses from one cell to another, it is probably in a form of RNA rather than DNA. Perhaps, even if its integrated form is associated with the host DNA, the chf could be present in the cells as RNA. Studies on the chemical nature and intracellular state of the chf are needed to provide information on these problems. Quantitative aspects of the interaction of the chf with Rous sarcoma virus and avian leukosis virus will be given elsewhere. The results described in this paper show that less than 10-3 of either RSV or ALV particles carry the chf. It remains to be determined whether the chf is packed into these particles independently or as part of the RSV or ALV genomes. The presence of factor has been demonstrated only in the C/O-type chick cells. It is conceivable that a similar factor is present in other genetic types of chick cells or even in other species of animals. The modulation of murine and avian sarcoma virus reported by Klement et al.20 and Altaner and Temin" might be related to the presence of such a factor in some mammalian host cells.
